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Inhibition of Testosterone-induced Proliferation of S115 Cells by Sulfated K5PSs -Stimulation
of S115 cells with testosterone leads to a morphological change of the cells from epithelial to fibroblast-like phenotype, increased proliferation, ability to grow in soft agar, and disorganization of the actin filament network [28] . The process has been shown to involve testosterone-induced expression of FGF-8b [29, 30] and to require the presence of sulfated HSPGs [25] . Previous data indicate that such proliferation, as measured by incorporation of [
3 H]thymidine into cellular DNA, can be inhibited by heparin [25, 31] . We studied whether sulfated K5PSs were able to influence the testosterone-induced proliferation of S115 cells. The results indicated that K5-OS inhibited the proliferation efficiently ( Fig. 2A) , whereas K5-NS, K5-NSOS, or unmodified K5PS had little or no inhibitory activity. To assess the inhibitory capacity of K5-OS in a more detail, a range of polysaccharide concentrations was studied in the same cell proliferation assay and their inhibitory capacities were compared with that of heparin (Fig. 2B) . The results showed that K5-OS caused a dose-dependent growth inhibition at low concentrations (0.1-1 mg/ml), whereas ~10-fold higher concentrations of K5-NSOS were required for corresponding inhibitory effects. Notably, heparin had only a limited effect on cell proliferation. These data suggest that the structurally distinct preparations of sulfated K5PSs differed markedly in their inhibitory capacity, albeit their overall degrees of sulfation were similar. The results also demonstrate that sulfated K5PSs inhibit the testosterone-induced proliferation of S115 cells much more efficiently than heparin.
We further assessed the effect of K5-OS on cell proliferation by treating S115 cells with K5-OS and testosterone for various periods of time and determining the relative cell numbers by crystal violet staining. Whereas testosterone treatment induced cell proliferation, cells treated with a combination of K5-OS and testosterone displayed less proliferation than control cells without testosterone treatment (Fig. 3A) , confirming the idea that K5-OS inhibited testosterone-induced proliferation of S115 cells. Unmodified K5PS did not affect the testosterone response and heparin had only a minor effect, in agreement with the [ 3 H]thymidine incorporation data presented above. To study whether the growth inhibition by K5-OS was reversible, cells were grown in the presence of K5-OS and testosterone for 24 hours, after which the media were changed and the cells were cultured in the presence of testosterone alone for additional 48 hours.
Following the withdrawal of K5-OS, increased cell proliferation was observed ( Fig. 3B) suggesting that the antiproliferative effect was reversible in nature.
Inhibition of FGF-8b-induced Proliferation and ERK Phosphorylation by K5-OS -
The transforming effect of testosterone on S115 cells has been demonstrated to involve up-regulation of FGF-8b expression [29] . We proceeded to test the effects of K5PSs on S115 cells specifically stimulated with FGF-8b, which induced an increased DNA synthesis in serum-starved S115 cells (Fig. 4A ). The effect of FGF-8b was efficiently inhibited by low concentrations of K5-OS (0.1-1 µg/ml), whereas K5-NSOS caused only a partial inhibition (Fig. 4B) . The non-O-sulfated species of K5PS did not inhibit the proliferative effect of FGF-8b.
To study the effect of K5-OS on the downstream signaling initiated by FGF stimulation, we analyzed its ability to inhibit FGF-8b induced phosphorylation of ERK, a component of the mitogen-activated protein kinase pathway. Serum-starved S115 cells were treated with FGF-8b
and K5-OS, followed by fractionation of cell lysates on SDS-PAGE and Western blotting using antibodies against phosphorylated ERK 1/2. Stimulation with FGF-8b induced rapid ERK phosphorylation, such that the maximal induction was seen 10 minutes after the start of the FGF treatment ( Fig. 4B ). Concomitant treatment with K5-OS prevented the ERK phosphorylation completely, whereas heparin or unmodified K5PS did not inhibit ERK phosphorylation.
Collectively, the above data indicate that K5-OS antagonizes FGF-8b signaling in S115 cells and further suggest that the inhibitory effect of K5-OS on the proliferation of testosterone-stimulated S115 cells may be mediated through inhibition of FGF-8b activity.
FGF-antagonist Activity of K5-OS is Influenced by the FGF Species and Cell Type Involved-
Previous data suggest that the proliferation of S115 cells may be stimulated also by FGF-1 or 
Effect of K5PS on FGF-8b induced DNA-synthesis and ERK phosphorylation in S115 cells.
Serum-starved cells were stimulated with FGF-8b (100 ng/ml) and treated with the various polysaccharides either at a fixed concentration of 1 µg/ml (A) or with different concentrations ranging from 0.001 µg/ml to 100 µg/ml (B), followed by measurement of [ 3 H]thymidine uptake.
The results show the mean ± standard deviation of three incubations. In other experiments, cells grown as in (A) were lysed followed by fractionation of the lysates on 10% SDS-PAGE and
Western blotting with a monoclonal antibody against phosphorylated ERK 1/ 2 (pERK 1/2) (C).
The bound antibodies were detected by anti-mouse secondary antibodies and subsequent enhanced chemiluminescense reaction. The loading of the samples was studied by anti-ERK 2 antibody staining of the same filter. 
